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PhospholipidsA B S T R A C T
Exosomes are extracellular nanovesicles that play a role in cellular trafficking and communica-
tion. Camel milk exosomes might carry the potential of recovery of several illnesses that coins
the dromedary milk. This study shows for the first time their isolation and fine characterization.
The differential ultracentrifugation was used for their isolation. Their recovery from dromedary
milk during different lactation periods was evaluated. The vesicular characterization and stability
testing of the recovered exosome were examined by transmission electron microscopy (TEM).
The proteome footprinting was resolved by gel electrophoresis prior to their specific protein bio-
marker analysis. The immunoblotting of their specific protein biomarker TSG101 unexpectedly
revealed a truncated 35 KDa protein specific for dromedary milk exosome rather than the previ-
ously reported 43 KDa mammalian one. The reversed-phase HPLC screening of their phospho-
lipid makeup was compared with that of cattle milk exosomes at different lactation periods. Since
dromedary milk exosomes reflect their mammary transcriptome outcome, further assessment of
their content of as1casein, as2casein b-casein j-casein mRNAs parallel with a constitutive glyc-
eraldehyde dehydrogenase (GAPD) gene was performed using real-time PCR. The TEM scan-
ning indicated that dromedary milk exosomes are freeze-stress unstable homogeneous with
average size of 30 nm. There was no significant difference in expression level of different casein
genes in mid lactation period in dromedary milk exosomes over late lactation period. The phos-
pholipidomic survey proved that phosphatidylcholine is the major candidate of the examined
phospholipids in dromedary milk exosomes. The obtained data give novel interpretation about
the content of camel milk exosomes with possible insight for use as potentially-safe nano carrier.
 2015 Production and hosting by Elsevier B.V. on behalf of Cairo University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Exosomes are naturally occurring, membranous nanovesicles
of 30–100 nm in diameter [1]. They are widely produced by
cells of different origins with divergent functions [2] and being
identified in various biological fluids [3] including milk [4].
Exosomes harbor different biomolecules including nucleic
acids such as miRNA, small non-coding RNA and mRNA
which reflect their cellular origin [5]. The molecular character-
ization of exosome exerts potential biomarker of the disease
such as cancer; therefore, their potential roles in different phys-
iological activities and cellular communication are currently
under investigation [6,7]. Their nucleic acids can be translated
into functional protein or regulate the activity of gene. The
cell-to-cell communication by exosome-mediated transfer of
genetic information was first addressed by Valadi et al. [8]
and was later confirmed by other authors detailing their role
in neonate genome modulation [9]. In the same way, commer-
cial milk has recently proved to contain stable exosome that
remains intact in the gastrointestinal tract and exert an
immunoregulatory effect [10]. In contrast to their micro-
RNA compromised effects in development of age-related dis-
orders such as obesity, type 2 diabetes mellitus, cancer, and
neurodegenerative diseases [11], cow milk exosomes ameliorate
experimental arthritis on oral delivery [12]. Despite the pres-
ence of RNAase activity, these physically stable vesicles might
exert trans-species transcriptome modulation by acting as
cargo for various RNA types in bovine milk [13].
In addition to physical stability, the comparative pro-
teomics evaluation of human plasma exosome revealed their
long lasting ability of preserving their biological activity [14].
These facts could be attributed to the unique phospholipid
makeup in these lipid-enriched nanovesicles [15].
Camel milk, on the other hand, is gaining increased recog-
nition due to its beneficial effects in control and prevention of
multiple health problems [16]. It is believed to mitigate several
pathological illnesses including diabetes [17], different types of
hepatitis [18] and even neurodevelopmental disorders [19].
Fresh camel milk consumption is extensive in Arabic countries
where diabetes prevalence is very high [20]. Despite these facts,
the characterization of dromedary milk exosomes as potential
contributor in the observed effects has not been fully recov-
ered. Therefore, this is the first initiative investigation to isolate
and characterize the dromedary milk exosomes during differ-
ent lactation periods. The methods of isolation were evaluated.
The proteomics, lipidomic and transcriptomic profiling of iso-
lated exosomes were then resolved. The physical stability of
isolated exosomes as a function of time was observed.
Material and methods
Animals
The experimental use of the animals and all the procedures were
approved by the Animal Ethics Committee of the Veterinary
Medicine Faculty, Cairo University.
The study was performed between autumn of 2013 and
winter of 2014. Clinically healthy lactating she-camels bred
in national local farm were used. Milk samples (40–50 mL)
were collected at mid and late lactation periods (6 samples
from different animals for each period). The mid lactationperiod was considered from 100 to 200 days in milk; however
the late lactation period was after 200 days in milk.
Isolation of dromedary milk exosomes
Milk exosomes were isolated by differential ultracentrifugation
modified after Thery et al. [21]. Briefly, freshly milk samples
(25 mL each) were centrifuged at 2000g for 20 min at 4 C to
get rid of particulate debris and fat globules. Ten mL of the
defatted milk supernatant was centrifuged for 30 min at
10.000g at 4 C to obtain supernatant milk serum. Five mL
from the later was re-centrifuged for 70 min at 100.000g (SW
55Ti rotor; Beckman Coulter Instruments, Fullerton, CA,
USA) at 4 C to pellet the crude exosomes. The pellet was then
suspended in 1 mL PBS and re-centrifuged as the previous step
and the recovered exosomal pellet was re-suspended in mini-
mum volume of PBS buffer to keep the suspension and either
freshly used or stored at 20 C until further analyses. The
validation of this method was assisted by parallel separation
of milk exosome from milk serum using commercial standard
method for serum exosome isolation (InvitrogenTM, Carlsbad,
CA, USA, Cat. # 4478360). Both methods gave similar yield
with no significant difference in their protein contents or
TEM size detection (Data not shown).
Exosome characterization and stability testing by TEM negative
staining
The morphology and particle size of the camel milk exosomes
were examined using TEM according to Mokarizadeh et al.
[22].
A 10 lL of exosomes suspension was loaded on an amor-
phous carbon coated- copper grid. Negative staining was per-
formed by addition of 10 lL of neutral 1% aqueous
phosphotungestic acid. The grid was then examined for the
exosomes by TEM (Tecnai G20, FEI, Netherland) operating
at an accelerating voltage of 80 kV. For stability testing, the
recovered fresh exosomes were subjected to 5 times of short
thawing cycles (4 C for 20 min each) while being deep-
freezed (40 C) for 6 weeks prior to TEM scanning.
SDS–PAGE and western blot analysis
The exosomal pellets recovered from the previous isolation
step were subjected to SDS–PAGE electrophoresis followed
by specific exosomes biomarker immune-probing. Generally,
the recovered pellets were resuspended in lowest amount of
lysis buffer (10% RIPA buffer in PBS) to give the desired pro-
tein concentration on gel loading and not to interfere with the
next protein determination step using Bradford’s assay [23].
Samples for electrophoresis were then diluted in 2 Laemmli
sample buffer with DTT (final concentration 100 mM) and
urea (125 mg/mL) and incubated for 10 min at 37 C. The dilu-
tion was performed in the way that 20 lg of proteins from
extracted exosomes was loaded per lane on 10% polyacry-
lamide gels and transferred onto PVDF membrane (GE
Healthcare, Chalfont St. Giles, UK). To localize the exosome
specific marker, Western blotting was performed with TSG101
polyclonal antibody (Novus Biologicals, Littleton Co, USA,
Cat. # NBP1-80244) using HRP-conjugate goat anti-rabbit
IgG secondary antibody (Novus Biologicals, Littleton Co,
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substrate (Genemed Biotechnologies kit, Inc., San Francisco,
CA, USA, Cat. # 10-0006).
Transcriptome analysis of exosomal content
To screen the transcriptome content of the isolated exosomes,
total RNA was isolated using total RNA purification kit (Jena
Bioscience, Lo¨bstedter Str. Jena, Germany, Cat. #PP-210S)
according to the manufacturer’s instruction. The RNA con-
centration and purity were spectrophotometrically assisted at
260 nm and 280 nm, respectively. The total RNA (3 lg) was
then reversely transcribed using a cDNA synthesis kit (Revert
Aid First Strand cDNA Synthesis Kit; Thermo Scientific,
Waltham, MA, USA, Cat. #K1622) with a constant volume
of RT reaction mix. The purity of each amplification product
was confirmed by clear single band corresponds to their speci-
fic size on agarose gel electrophoresis. The PCR products were
visualized on 2% agarose gel, stained with ethidium bromide
and photographed under UV after an electrophoresis run for
one hour. The level of expression of GAPDH-as reference gene
and a s1, a s2, b, j, casein genes within the recovered exosomes
were assisted using quantitative real-time PCR using Lumi-
naris Color HiGreen Low ROX qPCR Master kit (Thermo
Scientific, Waltham, MA, USA, Cat. #K0371). Primers sets
for each gene were listed with their accession numbers and pre-
dicted amplicon sizes in Table 1. For each SYBR Green assay,
a dissociation curve was generated to detect non-specific
amplification or primer dimerization (Supplementary Data).
Exosome lipidome: determination of major phospholipids
Phospholipids extraction
Major phospholipids were extracted after minor modifications
of method previously reported by Folch et al. [24]. Briefly,
100 ll from previously prepared exosomal suspension obtained
from either dromedary milk or cattle milk (as parallel control
with the same processing steps) was gently transferred to a grad-
uated glass tube. The chloroform:methanol mix (2:1, v/v) was
added to the glass tube at twice volume as that of exosome pellet
size. The suspension was strongly mixed and centrifuged at
2500g for 10 min. After centrifugation the supernatant was dis-
carded. The methanol:water solution (1:1, v/v) was then added
to the subnatant with its quarter volume. The mixture was sub-
sequently mixed and centrifuged at 2500g for 10 min. The
supernatant and the boundary layer were then discarded. The
subnatant was lastly transferred to another glass tube, driedTable 1 PCR primers for different amplified genes.
Target genes Accession no. Sequenc
GAPDH EU331417.1 50 CGAC
50 CTGA
b casein AJ012630.1 50 CTCT
50 ACAG
j casein Y10082.1 50 CCAA
50 GATG
a s1 casein JF429138.1 50 AGCA
50 GCTC
a s2 casein AJ012629.1 50 TCTT
50 CCTTunder a stream of the nitrogen, and stored at 20 C. The
extracted phospholipid was dissolved in a mobile phase solvent
containing 20% chloroform before HPLC analysis.
HPLC chromatographic separation
The isocratic high-performance liquid chromatographic sepa-
ration of different phospholipids was performed by HPLC sys-
tem (Agilent 1200 Series equipped with computerized solvent
delivery system and UV detector, Santa Clara, CA, USA)
using lPorasil silica gel column (10-lm particle size). Samples
(20 lL) were injected for HPLC analysis and eluted by degassed
mobile phase [acetonitrile–methanol–85% phosphoric acid
(96:3:1, v/v/v)] that was delivered with the flow rate of
0.80 ml/min. The effluent was monitored by at 203 nm wave-
length and the concentration of each sample was detected
using corresponding phospholipid standards.
The phospholipid standards were phosphatidylinositol (PI),
PS, phosphatidylethnolamine (PE), and phosphatidylcholine
(PC), and they were purchased from Sigma Chemical
Company (St. Louis, MO, USA). Each standard was
previously prepared in concentration of 1 mg/mL with
chloroform–methanol (2:1, v/v) and stored at 20 C. All
chemicals were of analytical-reagent grade.
Statistical analysis
The data were analyzed using nonparametric Wilcoxon signed-
rank test by comparing medians of each value to hypothetical
values using GraphPad Prism (version 5.01) Software.
Results
Exosomes morphology and stability
The TEM scanning for morphology of recovered camel milk
exosomes showed homogenous population of exosomes with
average size about 30 nm (Fig. 1a). These homogenous exo-
somes population change in their size to be ranged between
50 and 90 nm with clumping and agglomeration after intermit-
tent freezing and (Fig. 1b).
Proteome footprinting of recovered exosome
Next, the exosome proteome was revealed by SDS PAGE
(Fig. 2a) and the level of expression of exosome TSG101 pro-











Fig. 2 (a) Protein foot printing of dromedary milk exosomes:
The exosomes pellets for both mid and late lactation milk samples
were loaded in 10% Tris–glycine gel and stained with commassie
brilliant blue. Lanes 1 (25 lg) and 2 (10 lg) represent protein foot
752 A.M. Yassin et al.different lactation periods (Fig. 2b). As shown in Fig. 2a, there
was no clear difference in mid lactation exosome when com-
pared with that at late lactation concerning the proteome pat-
tern. For Western blot analysis (Fig. 2b), there was a specific
band with molecular weight 35 KDa instead of 43 KDa.
Transcriptome analysis of exosomal content
Fig. 3 shows the agarose gel-resolved products of RT-PCR
(reverse transcribed PCR) on exosome of dromedary milk
during different lactation periods for GAPDH gene
(Fig. 3a), j-casein gene (Fig. 3b), as1-casein gene (Fig. 3c),
and as2-casein gene (Fig. 3d), respectively. It is clear from
Fig. 3 that the differential ultracentrifugation has the same
transcriptomic yield as that recovered by exosome isolation
kit used for commercial preparation. More importantly is that
the level of expression of different examined genes shows no
obvious difference between the two lactation periods. This
was consistently true for the results obtained by quantitative
real-time PCR (qRT-PCR). Results of qRT-PCR (Table 2)
revealed that there was no any significant change in the level
of expression of examined genes (b-casein, j-casein and as2ca-
sein genes) between both lactation periods. Supplementary
Data provide the dissociation curve generated to detect non-
specific amplification or primer dimerization during real-time
amplification. Here we used the data of b-casein gene as repre-
sentative model.Fig. 1 (a) TEM scanning of recovered camel milk exosomes
extracted from one sample as representative of mid lactation stage
shows homogenous population of exosomes (indicated by arrows)
with average size about 30 nm (scale bar: 100 nm). (b) TEM
scanning of camel milk exosomes after stability testing by
intermittent short thawing steps of freezed exosomes shows
heterogeneous population of exosomes in the size range of 50–
90 nm with clumping and agglomeration as indicated by arrows
(scale bar: 500 nm).
printing of extracted exosomes from mid lactation milk samples.
Lanes 3 and 4, however, represent extracted exosomes from late
lactation milk with different loading amounts (20 lg and 10 lg,
respectively). It is clear that from lane 2 and lane 4 with equal
loading amounts (10 lg each) that the mid lactation exosome has
nearly the same protein banding as that at late lactation. Lane M
is the Blue Eye Pre stained protein marker (Jena Bioscience). Each
lane represents exosomal proteome extracted from single separate
milk sample with no pooling. (b) Western blot of exosomal marker
TSG101 (Tumor Susceptibility Gene 101 Protein). After SDS–
PAGE, TSG101 was detected from other exosomal protein
isolated. Lanes 1, 3, and 5 represent exosomes of mid lactation
milk samples with loading amount of 10, 30, and 20 lg of protein,
respectively. Lanes 2, 4, and 6 represent late lactation milk
exosomes with loading amount of 10, 30, and 20 lg of protein,
respectively. Lane M: represent protein marker. Unexpected
specific bands were obtained at molecular weight 35 KDa instead
of 43 KDa. The Western blot represents one run from three runs
with similar results.Phospholipidomic study
The HPLC tracing of exosomes’ derived major phospholipid in
during different lactation periods showed a slight elevation
however not significant (p< 0.05) in PS fraction in camel milk
exosomes at late lactation period above that detected in camel
at early lactation or those reported in cattle at both periods
(Fig. 4b).
Discussion
Milk is not only a sole nutritional source for infants but also
acts as immune modulator [25]. Recently its nano-scaled
Fig. 3 Agarose gel-resolved products of RT-PCR (reverse transcribed PCR) on exosome of dromedary milk during different lactation
periods: (a) Electrophoretic mobility of RT-PCR products of GAPDH gene separated on 2% agarose gel. The product size was 153 bp.
Lanes from (1 to 6) represent RT-PCR products of GAPDH gene from exosomes isolated by total exosome isolation Kit, while lanes from
(10 to 60) for RNA of exosomes isolated by differential ultracentrifugation. Lanes 1, 2, 3, 10, 20, 30 represent PCR products for RNA of
exosomes from mid lactation milk samples, while lanes 4, 5, 6, 40, 50, 60 represent PCR products for RNA of exosomes from late lactation
milk samples (Each lane represents single animal sample). Lane M: 100 bp ladder. (b) Electrophoretic mobility of PCR products of j-
casein gene separated on 2% agarose gel. RT-PCR products of j-casein gene with a specific band at 168 bp performed on RNA extracted
from exosomes by total exosome isolation kit (lanes 1 to 6) and differential ultracentrifugation (lanes 10 to 60). Lanes 1, 2, 3, 10, 20, 30
represent PCR products for RNA of exosomes from mid lactation milk samples, while lanes 4, 5, 6, 40, 50, 60 represent PCR products for
RNA of exosomes from late lactation milk samples (Each lane represents single animal sample). Lane M: 100 bp ladder. (c)
Electrophoretic mobility of PCR products of as1-casein gene separated on 2% agarose gel. RT-PCR products of as1-casein gene with a
specific band at 206 bp performed on RNA extracted from exosomes by total exosome isolation kit (lanes 1 to 5) and differential
ultracentrifugation (lanes 10 to 60). Lanes 1, 2, 3, 10, 20, 30 represent PCR products for RNA of exosomes from mid lactation milk samples,
while lanes 4, 5, 40, 50, 60 represent PCR products for RNA of exosomes from late lactation milk samples. (Each lane represents single
animal sample). Lane M: 100 bp ladder. (d) Electrophoretic mobility of PCR products of as2 -casein gene separated on 2% agarose gel.
RT-PCR products of as2-casein gene with a specific band at 249 bp performed on RNA extracted from exosomes by total exosome
isolation (lanes 1 to 4) and differential ultracentrifugation (lanes 10 to 60). Lanes 1, 2, 10, 20, 30 represent PCR products for RNA of
exosomes from mid lactation milk samples, while lanes 3, 4, 40, 50, 60 represent PCR products for RNA of exosomes from late lactation
milk samples. (Each lane represents single animal sample). Lane M: 100 bp ladder.
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maternal-infant trans-communication in different species [4–7].
For the first time, we used differential centrifugation fol-
lowed by ultra-high speed centrifugation to isolate exosome
from the dromedary camel milk. The reliability of isolation
was confirmed by parallel use of commercial kit. The sizeTable 2 The level of expression of milk protein genes with its Ct v
Gene Mid lactation
b casein 20.24a ± 0.53
j casein 25.76a ± 0.39
as1 casein 24.65a ± 0.34
as2 casein 26.69a ± 0.45
The Ct values are inversely related to the amount of the starting templat
a Superscript on the data = nonsignificant difference. It is clear from
difference in the level of expression of each gene between different periodand shape of isolated exosome were screened with TEM. This
first step of identification revealed spherical particles with aver-
age size of 30 to 100 nm. This is consistent with finding by
Admyre et al. [4], who reported the human breast milk exo-
somes were in the range of 50 nm. Likewise, Reinhardt et al.
[6] showed TEM-examined bovine milk exosomes examinedalues.
Late lactation P value (two tailed)
16.48a ± 2.39 0.5000
23.003a ± 1.91 0.5000
20.19a ± 0.37 0.5000
21.54a ± 3.64 0.5000
e. Results are shown as means ± SEM (n= 3);
the table and statistical analysis that there was no clear significant
s (P< 0.05).
754 A.M. Yassin et al.were between 50 and 100 nm in diameter. These data, however,
partially disagree with Tauro et al. [26], who proved that ultra-
centrifugation method of isolation yields slightly larger vesicles
clumped together. Secondly, the stability of the recovered fresh
exosome was checked by successive short thawing cycles while
being in deep-freeze store. Surprisingly, the TEM scanning of
stability tested exosomes showed heterogeneous population
with different size clumps. This change in size of deep freezed
exosome disagrees with previous results obtained by Sokolova
et al. [27], who characterized the exosomes derived from differ-
ent human cells under different conditions and revealed that
multiple 20 C freezing and thawing didn’t affect the exo-
somes size. The observed difference in our results, however,
could be attributed either to the difference in methodology
or to certain peculiarity in the nature of the unresolved phos-
pholipid makeup of dromedary milk exosome. The later expla-
nation affords better sense since high gravitational force
(350.000g) was successfully used for isolation of human B
cell-derived exosomes [28].
Logically proteome is constructive determent in exosomal
correlated function. Here the electrophoresis-resolved protein
foot-printing of the recovered exosomes shows no recognized
discrepancy between mid and late lactation periods in major
protein pattern. ESCRT proteins have been proposed as major
players in the biogenesis of exosomes of different origins [2,29].
The ESCRT-I component TSG101 is believed to be a specific
exosome-segregated biomarker during its biogenesis [30].Fig. 4 Phospholipids distribution in exosomes of camel cattle
during different lactation periods. (a) Represents HPLC tracing
pattern of exosomal phospholipids in camel and cattle at different
lactation periods, while (b) shows the mean value of distributions
for each species at different lactation periods. Data represent the
means and SEM (n= 3) of phospholipids from different samples.TSG101 was detected as exosomal biomarker in bovine
milk exosomes [6], urinary exosomes [31], and derived exo-
somes human colon cancer cell line LIM1863 [26] with average
molecular weight 43–50 KDa.
Western blotting in the current investigation was performed
to qualitatively and quantitatively evaluate the level of expres-
sion of exosome TSG101 protein specific marker in dromedary
milk. Qualitative immunoblot analysis recognized the TSG101
protein as a common band with the size of 35 KDa in these
exosomes. No clear explanation affords a reason for such size
shift from common 43 KDa to 35 KDa. The post-translation
modification e.g. phosphorylation or protein truncation in this
poorly investigated mammalian species might serve a possible
answer. Further amino acids sequence assessment of this dro-
medary protein should be performed to confirm these specula-
tions. Earlier report had previously detected full-length 46 kDa
TSG101 with other homologous proteins of smaller molecular
weights in breast cancer [32].
Quantitatively, our blot analysis reported equal level of
expression of TSG101 protein during mid and late lactation
periods. This observed constant level of expression of
TSG101 may be attributed to its variety of biological functions
with specific cell growth regulation [33].
One of the aims of the study was the use of total exosome
isolation kit to evaluate the differential ultracentrifugation
method as pre´cised tool for dromedary milk exosome recovery.
Here the nearly equal recovery of cDNA of different gene tran-
scripts as shown by RT-PCR results consolidated with the
TEM scanning of the recovered exosomes clearly affirms the
similarity of recovery by the two methods. In agreement with
our finding, previous observation by Alvarez et al. [31]
reported that the ultracentrifugation isolation method was
one of the best for RNA processing.
The investigation confirms that the level of expression of dif-
ferent studied genes does not change that much in the isolated
exosomes during different lactation periods as indicated by the
RT-PCR and qRT-PCR data. More importantly, we learned
that the examined gene transcripts showed conservation in their
domains among different mammalian species including dro-
medary as indicated by the qRT-PCR melting curves.
The stable expression of different examined casein family
genes inside dromedary exosome during different lactation
periods- as shown in this study- presumably disagrees with pre-
vious nation denoting fluctuation of the level of expression of
these genes during different periods of lactations in other spe-
cies. The casein gene family is the most important milk protein
gene that contributes in nutritive and immune modulation
functions [34]. This noticed variation could be a result of the
species difference or the difference in distribution of these
genes transcripts in dromedary milk. On the other hands, the
data clearly prove the resistance of the screened casein genes
(b, j, as1, as2) – as major protein component in mammalian
milk- to the possible presence of high RNase activity in milk.
These findings were confirmed by previous works proposing
that intact exosomes have RNase protecting abilities [35].
Our finding, however, supports the previous concept that exo-
somal RNA is stable and protected inside the exosomes by its
lipid raft domains [36]. This lipid raft domains could confer a
certain protection of exosomal contents against hostile condi-
tions and safeguard such nano-vehicle contents. Dromedary-
derived phospholipid had been previously characterized with
more fluidity and stability characters [37]. This assumption
Dromedary milk exosomes: Isolation and characterization 755motivated us to screen the phospholipids construction of dro-
medary milk exosomes, since the lipid composition of exo-
somes might adjust their remote cellular function and
destiny. Here the major phospholipid components in exosome
of dromedary milk show PC as the major constituent of exoso-
mal phospholipids followed by PE and PS. These major phos-
pholipids are normally found in other mammalian origin
exosomes [38]. These phospholipid members are apparently
highly conserved in eukaryotes since Albuquerque et al. [39]
found that Histoplasmacapsulatum secrete vesicles, which
appeared to be similar to mammalian exosomes and by MS
analysis of its phospholipid composition; PE and PC, followed
by PS were the most abundant phospholipids and resemble the
mammalian exosomes membrane phospholipid. Exosomes
showed an extraordinary sorting of lipid classes and species
into the exosome membrane. Major differences in lipid classes
and species have been determined, thus demonstrating that
specific lipid species are selectively enriched in exosomes. Inter-
estingly, the noticed nonsignificant increase in PS – as a mar-
ker of apoptosis – in dromedary milk exosome in late
lactation could denote the mammary tissue regression at the
late lactation in these animals. It is likely that the interplay
between lipids and proteins is essential for formation of exo-
somes [40]. Therefore, further expanding research on these
lipid species might help in resolving the biogenesis and stability
of exosomes with better understanding their extracellular
interaction.
Conclusions
The exosomes from dromedary milk were firstly isolated and
characterized. The size range of recovered exosomes was
within the normal range reported for such vesicles in other spe-
cies. Stability testing by freezing and thawing showed heteroge-
neous population of these nanovesicles with tendency for
agglomeration and clumping. Electrophoresis proteome reso-
lution revealed no major qualitative or quantitative difference
in their proteins during mid or late lactation periods. The
immunoblot analysis of their specific marker confirmed the
expression of truncated less molecular weight TSG101 protein.
The transcriptomic study revealed that there was stable expres-
sion of casein family genes during different lactation periods.
Additionally, phospholipidomic survey proved that PC is the
major phospholipid constituent in dromedary milk exosomes.Conflict of interest
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